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Abstract 
IEC 61294 regulates about Partial Discharge Inception Voltage (PDIV) measurement procedure in liquid insulation using the 
ramp method with speed 1 kV/s. This PDIV test method is assumed to give the PDIV test results higher than it should be. This 
paper aims to study the feasibility of the using ramp rates lower than 1 kV/s on PDIV measurement in mineral oil. Experiments
were performed using test circuit complied with IEC 60270 standard. The needle–plane electrode configuration with a gap 
distance of 50 mm was used. Tests were carried out with the mineral oil, Nynas 4000X, with moisture content less than 10 ppm.
Test voltage with ramp rate 0.25 kV/s, 0.5 kV/s, 1 kV/s and 2 kV/s were applied to the test vessel to examine PDIV value 
respectively. In addition to PDIV level measurement, Partial Discharge (PD) activities were also measured for 1 minute at each 
PDIV level. Moreover, the combine test method which is combination of ramp method and step method was applied to the test 
electrode system. The test results show that the usage of lower ramp rate in ramp method for PDIV level measurement produced 
lower PDIV level. The PDIV levels and PD activities obtained in the test using the ramp rate of 0.25 kV/s and 0.5 kV/s decreased 
insignificantly compared to the test results acquired from the test with ramp rate 1 kV/s. Test result comparison illustrates that the 
combine method is the better alternative method compared with reducing ramp rate for PDIV measurement in mineral oil. 
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1. Introduction 
High voltage equipment has a crucial role in the electricity system. The reliability of the equipment should be 
maintained to ensure the continuity of electricity distribution. Monitoring, analyzing, and diagnosis system for all 
installed high voltage equipment are very important to achieve the long term operation of such equipment. Non-
destructive monitoring method is recently one of the most popular methods for high voltage equipment diagnostic. 
Partial Discharge (PD) measurement is an example of non-destructive method for high voltage insulation system [1]. 
Mineral oil is a kind of liquid insulation used widely for high voltage equipment, especially in transformer. 
Measurement of partial discharge is still at risk when it is performed for mineral oil testing. This is because the 
insulation may evolve into breakdown during it is undergone with the tested voltage. When breakdown occurred 
during the test, it has high risk to damage test equipment. Partial Discharge Inception Voltage (PDIV) measurement 
as a part of the PD diagnosis can be considered as a safer method for insulation system diagnostic, especially in 
liquid insulation. Based on IEC 61294, PDIV of insulation liquid is defined as the lowest voltage at which a partial 
discharge occurs of an apparent charge equal to or exceeding 100 pC when the sample is tested under the specified 
conditions [2]. 
PDIV level in the mineral oil highly depends on electrode configurations [3] and test methods [4]. IEC 61294 
governs the PDIV measurement in liquid insulation using needle-sphere electrode configuration with needle tip 
radius of 3 pm and sphere diameter of 12.5 to 13 mm. However, needle tip radius used in the standard is too small 
and difficult to be found. In addition to needle-sphere configuration, needle-plane electrode configuration is widely 
used as an alternative configuration because it can be designed easily and produces lower PDIV level compared to 
needle-sphere configuration. Different electrode sizes were proven to give different PDIV test results [3].  
IEC 61294 applies ramp voltage for PDIV measurement in liquid insulation with an increase of voltage level 
speed of 1 kV/s [2]. PDIV levels resulted by this method are assumed not precise because its results are higher than 
expected PDIV values [5]. From the author’s experiences, the ramp method is not suitable for testing with certain 
needle tip radii with some gap distances because it produced PDIV levels relatively close to the breakdown voltage 
level. Lower the tested voltage as soon as possible after getting PDIV sometimes cannot safe the test from 
breakdown. Because of that, some researchers who apply the ramp method insert solid insulation material between 
the two electrodes. This result may not give a true PDIV due to the presence of dielectric material which can result 
the higher PDIV level than the real values. The existence of the stored charge in the dielectric material also affects 
the PDIV level on subsequent measurement [6]. Moreover, relaxation time is very influential on the measurement 
with additional solid insulation material. 
The step method is an alternative of PDIV measurement in mineral oil as shown fig. 1. [7]. This method is 
assumed to produce PDIV level precisely. Disadvantage of this method is longer testing duration. Modified ramp 
method using different ramp rates were investigated in this experiment to study the possibility of these methods 
whether they can take the advantages of both step and ramp methods, low PDIV level and short testing duration. 
Combine method which is combination of ramp method and step method was also investigated in this paper as an 
alternative method to reduce testing time from the step method. 
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Fig. 1. PDIV test methods (a) Ramp Method, (b) Step method, (c) Combine method 
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2. Testing Experiment 
2.1. Test Circuit Setup 
Test circuit for this experiment was set up according to IEC 60270 standards [9] as shown below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Test circuit according to IEC 60270 standard : a) High-voltage transformer 0-50 kV, b) Voltage regulator 0-220 V equipped with switch 
on-off and protection system, c) Current limiting resistor 50 kΩ, d): Capacitive voltage divider 200 kV, ratio 2000:1, e) Coupling capacitor 100 
kV, 100 pF, f) Test vessel, g) Coupling device, h) Shunt resistor 50 Ω., i) Digital oscilloscope, j) ICM – PD detector connected with computer 
 
Tungsten needles with 10 μm tip radius were used as high voltage electrode while plane electrode with 75 mm 
diameter was used as ground electrode. Experiments were carried out using mineral oil, Nynas 4000X, as a 
dielectric material in a test vessel with a capacity about 16 liters as shown in fig. 3. Mineral oil had been pre-
processed to reduce moisture content below 5 ppm and to remove particles in the oil. PD will be monitored via PD 
measurement instrument-ICM. Yokogawa digital oscilloscope with a bandwidth of 500 MHz was also used to detect 
PD pulses. 
 
Fig. 3. Test vessel containing 16 liters mineral oil with needle – plane electrode 
2.2. Test Procedure 
Various speed of ramp voltage was applied to the tested electrode system to produce PDIV values. The ramp 
rates of 0.25 kV/s, 0.5 kV/s, 1 kV/s, and 2 kV/s were investigated. The tested voltage was increased from zero 
voltage with specified speed until the first PD equal or more than 100 pC was captured by ICM. Then, the tested 
voltage was reduced at the same speed to the zero voltage. The ramp method is described in fig.1. This procedure 
was repeated 10 times with one minute transition time at zero voltage for relaxation. Average value of 10 
measurement results was set as the PDIV average. At each ramp rate, PDIV levels were measured with 2 different 
needles. Different mineral oils were used for different tested needles, but both tested mineral oils were the same type 
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and prepared by the same preprocess. The average value of PDIV level from both needles was used as the final 
PDIV level. In addition to PDIV measurement, PD activities were measured for 1 minute of each average PDIV 
level. 
For comparison the influence of test method, PDIV level was also measured by using the combine method which 
is shown in fig.1. With this method, the applied voltage was increased from zero voltage to 60% of the PDIV level 
obtained from the ramp method with ramp rate 1 kV/s. The test was continued with applying the step voltage 
1kV/step. The duration of each step was 1 minute. After the first PD equal or more than 100 pC was found, the 
applied voltage was reduced to zero. The next measurement was conducted with the same procedure after relaxation 
time for 3 minutes. The PDIV were measured 5 times. Similar with ramp method, the final PDIV value was the 
average of PDIV levels obtained from the measurement with 2 needles and mineral oils. 
3. Testing Results and Discussion  
The PDIV average, charge QIEC, number of produced PDs, and the approximation testing time duration for each 
method are summarized in table 1. Charge QIEC is derived from the value of the largest PD charge measured by the 
PD measurement Instrument-ICM during PD activity measurement for 1 minute at PDIV average. The time duration 
of each PDIV test procedure is calculated based on the time needed to raise the voltage until PDIV obtained and the 
time to decrease the voltage after getting PDIV to the zero voltage. The total testing time shown in table 1 is the 
total time consumption for 20 time PDIV measurement for the ramp method or 10 time PDIV measurement for the 
combine method by using 2 needles. Relaxation time is also taken into account, which is 1 minute for the ramp 
method and 3 minutes for the combine method. Time spent on oils and needles preparation is not included in the 
calculation. 
Table 1. Comparison of PDIV level, q IEC and testing time for various ramp rates in ramp method and combine method 
Test Method/Ramp Rate PDIV (kV) qIEC (pC) Number of PD (n) Testing time duration 
(minute) 
Ramp rate 0.25 kV/sec 29.8 317.5 13 97 
Ramp rate 0.5 kV/sec 30.4 304.5 14 58 
Ramp rate 1 kV/sec 31.2 331 16 38 
Ramp rate 2 kV/sec 32.8 401 28 28 
Combine method 24.5 97 1 96 
 
Table 1 shows that the usage of a slower ramp rate testing will result in a lower PDIV. This is because the 
occurrence of PD initiated by the formation of cavity by local heating. Local heating will be started at the certain 
level of electric field strength. At lower voltage levels, cavity formation process takes longer time. High electric 
field across the cavity generates partial discharge. As the same reason, PDIV from the step method or combine 
methods lower than PDIV from ramp method. 
The using of ramp rate of 0.25 kV/s and 0.5 kV/s result PDIV and PD activity levels were not too different with 
test results obtained from the using ramp rate 1 kV/s but the test duration were much longer. Contrast to the usage of 
ramp rate 2 kV/s, the produced PD activities were increased significantly when it was tested at the PDIV average 
level, even though the PDIV level obtained from 2 kV/s only increased 1.6 kV compared with the PDIV level 
resulted from the ramp rate of 1 kV/s. Despite faster testing time, the usage of a ramp rate 2 kV/s is prone to develop 
into a breakdown during PDIV and PD activity test. Therefore, ramp rate of 2 kV/s is not recommended to be 
applied. Further studies are needed to know the effect of ramp rates on PDIV and PD activity using several different 
electrode configurations to ensure the effectiveness of ramp rates. 
Despite its lower PDIV level, the highest PD charge obtained from the PD activity measurement with ramp rate 
0.25 kV/s is slightly higher than PD charge obtained from the PD activity measurement with ramp rate 0.5 kV/s. 
This phenomenon shows that in addition to voltage level, oil conditions, i.e. moisture content, bubbles, etc., also 
affect the PD activity. However, the applied voltage which is proportional to the electric field stress remains a major 
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factor that plays an important role in the PD occurrence [10] as shown in Fig.4. and Fig.5. PD charge magnitude and 
repetition rate increase along with the voltage phase up to 90° in which the highest PD charge magnitude and 
repetition rate occurred. 
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Fig. 4. Examples of PDIV measurement diagram (left) and phase resolved PD pattern (right)  (a) ramp rate 0.25 kV/second, (b) ramp rate 0.5 
kV/second, (c) 1 kV/second, (d) 2 kV/second, (e) Combine method for comparison. Blue line is applied voltage level, red line is charge level, and 
the black dots in the red circle are PD activity. 
Test results of PDIV and PD activities measurements using combine method displayed in table 1 and fig. 4 show 
that the required time for PDIV measurement using the combine method is much longer than testing duration of the 
ramp method with ramp rate 1 kV/s. The combine method produced few PD pulses for 1 minute PD activity 
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measurement. Based on the author's experience, sometimes no PD pulse was found during 1 minute PD activity test 
at PDIV average obtained in the combine method. However, the use of combine methods can be applied as an 
alternative for PDIV measurement because it produces lower PDIV level and testing process has more securely. 
 
 
 
Fig. 5. Example of PD pulse current distribution recorded by digital oscilloscope at PDIV level of 31.7 kV (obtained from 2nd needle with ramp 
rate 2 kV/s) 
4. Conclusion 
The examined ramp rates for PDIV measurement have effect to the PDIV level. The lower ramp rate results 
lower the PDIV level. However, The using of ramp rate 0.25 kV/s and 0.5 kV/s for PDIV and PD activity 
measurement did not have significant effect to reduce the PDIV level and PD activity (charge amplitude and 
repetition rate) compared with the results obtained from testing by the ramp rate 1 kV/s with the 10 μm tip radius 
needle – 75 mm diameter plane configuration. The combination of the ramp method and the step method is preferred 
as an alternative of PDIV measurement in mineral oil.  
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